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BACKGROUND OF THE INVENTION 



1. Field of the Invention 

The present invention relates to a preliminary process for forming a shallow trench 
isolation in a semiconductor device, more specifically, to a method for forming a shallow 
trench, which can avoid the occurrence of the striation phenomenon. 



10 2. Description of the Prior Art 

In the process for semiconductor devices such as DRAM, the formation of shallow 
trenches plays an important role. 

As shown in Fig. 1, in the process of forming a shallow trench in a DRAM, an oxide 
layer 12 is formed on a substrate 10, a nitride layer 14 is formed on the oxide layer 12, and a 
15 BSG (borosilicate glass) 16 is formed on the nitride layer 14. 

Subsequently, a photoresist layer 18 is formed, as shown in Fig. 2. In accordance with 
general mask etching process, through exposing, developing and imaging, the photoresist 
layer 18 defines the position to be etched. At the position defined by the photoresist layer 18, 
the BSG layer 16, nitride layer 14 and oxide layer 12 are etched to form an opening 20. Then 
20 the photoresist layer 18 is removed. However, due to the standing wave phenomenon of the 
light in the exposing step, the sidewall of the photoresist layer 18 is ribbed such that the 
sidewall of the etched opening is also ribbed, as shown in Fig. 3. Such a condition is referred 
to striation phenomenon. 

In the structure of Fig. 3, the remaining BSG layer 16, nitride layer 14 and oxide layer 12 
25 are used as a hard mask for the subsequent step of etching the substrate 10 to form a shallow 
trench. However, since the sidewall of the hard mask is ribbed, the sidewall of the etched 
shallow trench also presents the striation phenomenon. Accordingly, the profile of the shallow 
trench is degraded. As shown in Fig. 4, when the shallow trench, which presents striation 
phenomenon, is filled with dielectric material to form a shallow trench isolation (STI), the 
30 critical dimensions of the portions of different depths of the STI are not uniform, causing the 
isolating effects unstable. 

Therefore, there is a need for a solution to overcome the problems stated above. The 
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present invention satisfies such a need. 

SUMMARY OF THE INVENTION 

5 An objective of the present invention is to provide an etching method, which can prevent 

the sidewall of the formed shallow trench from being ribbed, thereby maintaining the stable 
isolation capability of the formed shallow trench isolation. 

In accordance with an aspect of the present invention, an method for forming a shallow 
trench in a semiconductor device comprises steps of providing a substrate,; forming a 
10 plurality of operation layers on the substrate; forming a photoresist layer on the uppermost 
one of the operation layers to define a position to be removed; removing a portion of the 
operation layers at said position to form an opening; forming a liner layer on the sidewall of 
the opening; and removing a portion of the substrate corresponding to the opening. 

1 5 BRIEF DESCRIPTION OF THE DRAWINGS 

The following drawings are only for illustrating the mutual relationships between the 
respective portions and are not drawn according to practical dimensions and ratios. In addition, 
the like reference numbers indicate the similar elements. 
20 Fig. 1 shows a structure in which the respective operation layers are formed on a 

semiconductor substrate; 

Fig. 2 shows a structure in which a photoresist layer is formed on the structure of Fig. 1; 

Fig. 3 shows a structure in which the structure of Fig. 2 has an opening formed, and the 
photoresist layer removed; 
25 Fig. 4 is a schematic diagram showing a shallow trench formed in accordance with prior 

art; 

Fig. 5 shows a structure in which the structure of Fig. 3 has a liner layer formed on the 
sidewall of the opening in accordance with an embodiment of the present invention; and 

Figs. 6 and 7 show steps of the method in accordance with another embodiment of the 
30 present invention. 

DETIALED DESCRIPTION OF THE PREFERRED EMBODIMENT 

An embodiment of the present invention will be described in detail with reference to the 
35 accompanying drawings. 



2 



G:\Joanna(JOH)\Spec\NANYA-92405-US.doc 



With reference to Fig. 1, operation layers such as oxide layer 12, nitride layer 14 and 
BSG layer 16 are formed on the substrate 10. Then, a photoresist layer 18 is formed to define 
the position where an opening is to be formed, as shown in Fig. 2. In accordance with general 
mask etching process, through exposing, developing and imaging, the photoresist layer 18 
5 defines the position to be etched. At the position defined by the photoresist layer 18, the BSG 
layer 16, nitride layer 14 and oxide layer 12 are etched to form an opening 20. The photoresist 
layre 18 is then removed. The remaining BSG layer 16, nitride layer 14 and oxide layer 12 are 
used as a hard mask for the subsequent step of etching the substrate 10 to form a shallow 
trench. Up to this step, the process is similar to the prior art described above. The sidewall of 
10 the opening of the hard mask has the striation phenomenon, as shown in Fig. 3. 

In accordance with an embodiment of the present invention, before forming a shallow 
trench in the substrate 10, as shown in Fig. 4, a thin liner layer 22 is formed on the sidewall of 
the opening 20 by any proper manner such as deposition to planarize the sidewall, as shown 
in Fig. 5. Then the portion of the substrate 10 corresponding to the opening 20 is etched to 
1 5 form a shallow trench. Since the sidewall of the opening is flat, the formed shallow trench has 
a good profile without striation phenomenon. The material of the liner layer 22 comprises 
dielectric material, preferably oxide, and more preferably silicon oxide such as TEOS 
(tetraethyl orthosilicate). 

According to another embodiment of the present invention, after the photoresist layer 1 8 
20 is formed on the BSG layer 16 to define the position to be etched for an opening, as shown in 
Fig. 2, a portion of the BSG layer 16 is removed by etching to form an opening 20', then a 
thin liner layer 22' is formed on the sidewall of the opening 20% as shown in Fig. 6. 
Subsequently, the portions of the nitride layer 14 and oxide layer 12 corresponding to the 
opening 20' are removed by etching to form an opening 20", as shown in Fig. 7. Then a 
25 shallow trench is formed in the substrate 10 as the first embodiment described above. The 
material of the liner layer 22' can be nitride. 

Since the liner layer is very thin, the portion of the liner layer left on the top surface of 
structure can easily be removed in the subsequent process. No significant influence will occur. 
While the embodiments of the present invention is illustrated and described, various 
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modifications and alterations can be made by persons skilled in this art. The embodiment of 
the present invention is therefore described in an illustrative but not restrictive sense. It is 
intended that the present invention may not be limited to the particular forms as illustrated, 
and that all modifications and alterations which maintain the spirit and realm of the present 
5 invention are within the scope as defined in the appended claims. 
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